Abstract: A review of the entire Neogene climate in Europe is a useful tool for climate researchers, synthesizing present day knowledge on a variety of past warmer climate modes thus facilitating the debate regarding possible future climate scenarios in the Old Continent. This work centres on the European scenario, debating possible future projections and describing the Miocene and Pliocene climate in the Old Continent. With present evidences of a global warming scenario, it is highly important that we look at past climatic events in order to better predict future climate changes impact in biodiversity. The review presented here synthesizes the literature regarding climate, faunal and floral evolution for the European Neogene, and aims to help palaeoclimatic researchers and climatologists to characterize some of the boundary conditions for modelling possible analogous of IPPC climate scenarios. If the future climate projections come to be true, it is shown that the Pliocene, and particularly the Mid Piacenzian Warm Period, should be considered as the best analogue for the impact of a warming climate in Europe.
Introduction
Climate evolution is currently a major scientific focus area due to the present day global warming trend. A comprehensive analysis of palaeoclimate proxies allows a better understanding of the nature of the Earth's climate system(s), thus helping formulate more reliable predictions. A review of the entire Neogene climate in Europe, synthesizing present day knowledge on a variety of past warmer climate modes, is a useful tool for climate researchers, facilitating the debate regarding possible future climate scenarios in the Old Continent. The oldest Neogene epoch, the Miocene (23.030 -5.332 Ma) is considered the most critical interval in ice mass formation on land. Several sea level transgressions and regressions took place, which gave rise to the appearance and disappearance of lakes and swamps in Europe, respectively [1] . The North Alpine Foreland Basin, that extends from the Rhone basin (west) to Lower Austria (east), passing through Switzerland and south of Germany [2] , was under intense tectonic activity during the Miocene, forcing the elevation of the Carpathians, Balkans, Caucasus, Dinaric Alps and Rhodope Mountains [1] , and exerting a strong influence on the European and Mediterranean climate [3] . The present day climate of Western Eurasia, characterized by maritime conditions along the coast influenced by the Gulf Stream, with continentality increasing with distance from shore, exhibits a great seasonality both in temperature and precipitation [4] . This climatic pattern started to emerge during the Oligocene (Chattian), but it was during the Miocene that the seasonality patterns started to intensify. Even so, this epoch was warmer than today, even if it had a less or equal p CO2 compared to pre-industrial levels (≤ 390 ppm) [5] . During the Miocene several major important climatic events took place: the Miocene Climatic Optimum (MCO) [6, 8, 9] , the beginning of the Arctic glacia-tion [4, 10] , the two European washhouse events [11, 12] and the Messinian Salinity Crisis [13] [14] [15] [16] [17] [18] . All these events induced changes in European climate, and the MCO appears as the first Neogene climate event with potential to be used as a climate analogue for future climate projections. During Neogene's youngest epoch, the Pliocene (5.332 -2.588 Ma), Europe presented a palaeogeography more similar to present day conditions. The Panama Isthmus closed [19, 20] , the Bering Strait opened [21] , the Sahara Desert appeared [22] and Paratethys disappeared during the Miocene-Pliocene transition [2, 23] . A global warming event also occurred, preceding the beginning of the present Ice Age, around 2.6 Ma [26] , the Mid Piacenzian Warm Period (MPWM) [24, 25] . It had mean global temperatures (MGT) similar to the ones projected by the IPCC. The last assessment report of the IPCC [27] projects sea level rise on the order of 0.5 m, an increase in storm surges and a marked increase in climatic extremes in Europe, in particular, in heat waves, droughts and heavy precipitation events for the end of this century. Today we have a major scientific, economical, political and popular concern: the issue of climate change and the recent evidences of global warming. Some of the scenarios that are found in IPCC reports project global mean temperatures similar to the ones of the MCO and of the MPWP. The last IPCC report [27] projects an increase in global mean temperatures between 0.3 and 4.8 ∘ C, depending on model and mitigation actions, by the end of the 21st century. This means that looking at these particular climatic events of the Neogene is a very good way to try to understand and give more faithful future projections for a warming Earth. If Earth's climate does reach these values of global mean temperatures, then the Miocene and the Pliocene can provide natural scenarios for the predicted climate patterns. This work centres on the European scenario, debating possible future projections and describing the Miocene and Pliocene climate in the Old Continent.
Miocene Climate

Lower Miocene
The Lower Miocene (summary in Table 1 ) is composed of the Aquitanian (palaeogeography in Figure 1 ) and the Burdigalian (palaeogeography in Figure 2 ) ages, and extends from 23. (although another study points to 15-20 ∘ C [36] ). The climate was much milder than today and had hot summers. It was between temperate and warm temperate to subtropical [34] , with some palaeontological evidence pointing towards a warm temperate to subtropical regime, like the echinoderm fauna of Central Paratethys [37] , the laurel forests, swamp and riparian vegetation of the Eastern Mediterranean [38] or the sirenia presence around almost all European coasts [39] [40] [41] .
The connection between the North Sea and Paratethys that was present in the Oligocene-Miocene transition closed during the Aquitanian, promoting the development of freshwater environments in the westernmost parts of the Paratethys [42, 43] . However these gateways suffered successive changes throughout the Miocene, as evidenced by several echinoderm migrations [37] , by the countless lakes formed dominantly due to tectonic processes [44] and by two major waves of migration, one during the Burdigalian, and the other in the early Middle Miocene [45] . The Burdigalian shows an increase in the connections between Rhone basin and Eastern Paratethys, leading to hydrodynamic changes and immigration of western Mediterranean [8, 9] , and in the mid-latitudes was up to 6 ∘ C above the present GMT [8] . Climate was tropical and humid subtropical in the mid-latitudes [46] , and the East Antarctic Ice Sheet (EAIS) was reduced in size [47] . Deep ocean water had temperatures 6 ∘ C warmer than today [48] . In Central Europe the MAT exceeded 17.4 ∘ C, reaching values near 20-22 ∘ C [6] , while in Denmark the cold month mean temperature was above 10 ∘ C [36] .
Concomitant with this climatic scenario the Paratethys isolation started due to uplift of the Alpine Foreland Basin, leading to the end of the western connection with the Mediterranean. The endemic fauna differences between Bavaria, Austria and Moravia suggest a disintegration of Paratethys into several brackish lakes [42, 49] . During this event, SST of the northern part of Paratethys are estimated to be between 17-19 ∘ C during the cold season and ≈ 28 ∘ C during the warm season [50, 51] , characteristics that promoted the invasion of the Paratethys by thermophiles, which in turn contributed to the decline of the great Central Paratethys species-richness during the beginning of the Middle Miocene [43] . 
Middle Miocene
The Middle Miocene (summary in Table 2 ), containing the Langhian (palaeogeography in Figure 3 ) and Serravallian (palaeogeography in Figure 4 and Figure 5 ) ages, began at 15.970 Ma and lasted until 11.608 Ma. The Middle Miocene was deeply affected by the MCO and its transition periods. The Tropical Climate Zone extended, during the Langhian, 1000 km north than today [7] . Thermophilic trees such as sweetgum (Liquidambar pachyphylla) grew as far north as Alaska [52] , and coconuts (Cocos zeylanica) were dispersed as far south as New Zealand [53] . Thermophilic large foraminifera, corals and molluscs extended as far north as Alaska, Japan, Kamchatka Peninsula and Oregon [54] [55] [56] , and as far south as South Australia and New Zealand [53, 57] . The MAT in Central Europe was 20-22 ∘ C and, in the Burdigalian age, when the MCO began, precipitation was abundant. During the Early Langhian seasonality increased and dry periods could be prolonged for up to six months [58, 59] . Coral reefs, crocodiles and mangroves, as well as other tropical and subtropical species, expanded their territories to the northern Paratethys shores [60] , where water temperatures were around 17-19 ∘ C in cold seasons and 28 ∘ C in warm ones [50, 51] . The Faluns Sea, in the northwest of France, had temperatures of 20±2 ∘ C, something that today, in the North Atlantic sector, we can only find in Florida, Senegal or Mauritania [61] . The MAT in Austria had values above 20 ∘ C during the early Langhian [59] , with thermophilic mollusc taxa, like the bivalve Plicatula (found today in subtropical to tropical ocean waters) present in the Central Paratethys [62] . The conditions of Central Paratethys were tropical to subtropi- Black dashed line over an orange area refers to the possibility of this region to be submersed by the beginning of this age(adapted from [145, 146] ).
cal, with coral reefs and non-reefal coral communities coexisting [63] , and with marginal areas presenting uniform temperate conditions [64] . On land, a semi-arid climate characterized the Paratethys surroundings [65] , and flora taxa indicate a warm temperate fully humid or winter dry (monsoonal) climate in the more continental regions of Greece, Austria and Hungary [38] . During the Late Langhian the eastern seaways were closed, and water to Central Paratethys was warranted through the "Trans-Tethyan Trench Corridor", a seaway that connected Central Paratethys with the Mediterranean that was formed during the Late Burdigalian [42, 66] . The Middle Miocene shows also evidences of depleted oxygen events in Central Paratethys, triggered by phytoplankton blooms (like those seen today in the Adriatic Sea), originating from increased input of nutrients derived from the various deltas in the southwest of the Vienna Basin. These periodic discharges might have been caused by seasonality in precipitation [67] . Around 14.8 Ma the transition out of the MCO (T-MCO) started. Between 14.8 and 14.1 Ma the major part of the cooling occurred, associated with the increase in Antarctic deep water production and the growth of the EAIS [58] . The EAIS advanced to the coastline during this transition, and near 14.2 Ma, the Ross Sea, which was at the beginning ice free (15 Ma) , contained an ice volume larger than the one found today [68] . The fast cooling resulted in a rapid shift from relative high-latitude warmth to highlatitude refrigeration [59] , as supported by several proxies, like: i) biogenic silica [69] ; ii) pollen records [70, 71] ; iii) 
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macromammal faunas [70] , iv) vegetation changes (typically from evergreen to deciduous) [72, 73] , v) benthic foraminiferal oxygen isotope ratios (δ 18 O) [69, 74] , vi) subpolar planktonic foraminiferal species [69] , vii) echinoderm fauna [50] , viii) and others such as changes in the hydrological cycle and in water-atmosphere transfer energy [75, 76] . In addition, δ 18 [59] . In Bulgaria, MAT and MAP slightly decrease during the Serravallian, intensifying during the following Tortonian [80] while in Monferrato (northern Italy) and Silesian Basin (south Poland) a cooling is also observed during this age [81] . The MAT and the MAP do not only show changes in Central and Eastern Europe. In the centre of the Iberian Peninsula the MAT also drops, however in the Madrid basin the MAP increases, as shown by the rhino fossil record in that geographical region [82] . During the entire Serravallian, precipitation dropped by more than 50% in Europe [83] , which could have been caused not only by the Alpine orogeny but also by the formation of the distant Tibetan Plateau. During the Middle Miocene the Alps reached an elevation similar to the present one, with the highest peaks between 2850 and 3350 m. This elevation would exert climatic effect, particularly in the East, due to reduction of humid air from the North Atlantic [84] . Just before the MCO, the Tibetan Plateau reached an elevation capable of generating climate changes, like the beginning of the Indian monsoon and the increase in aridification in the interior of the continent. This effect was felt as far as Eastern Europe [85, 86] . However, despite the global cooling during this time, Paratethys and Mediterranean temperatures did not drop significantly [51] .
Upper Miocene
The Upper Miocene (11.608 to 5.332 Ma) (summary in Table 3 ) was characterized by two major events, the washhouse events during the Tortonian (11.608-7. [73, 87] .
During this phase global cooling continued, albeit with some climatic oscillations, and it was during the Tortonian (palaeogeography in Figure 6 ) that the Arctic glaciations began, generating an increase in the latitudinal and seasonal temperature gradient [4, 89] . However, the Earth was still warmer than today. Boreal forests and temperate biomes occurred in higher latitudes than in the present time [90] , and the Tropical Convergence Zone was further north [91] . In the Mediterranean Sea, crocodiles were present, as shown by fossil records of South Italy [92] , while Sirenia were still one of the major marine mammals colonizing the European shores, from the west coast of Portugal and France, through the Mediterranean and Paratethys regions, up to the Greek coasts [39, 41, 93, 94] . The global cooling observed during the Tortonian, in Northwest and Central Europe, is associated with increases in seasonality [95] . However, during this age, a small increase in global temperatures occurred, and was reflected in an increase of characterized by seasonality patterns, with the warm season with higher rainfall [96] . The flora from the margins of Lake Pannon, formed in the beginning of the Tortonian through the closure of the Pannonian Basin [42, 97, 98] , yield a high ratio of thermophilic elements, with the majority of taxa (60%) presumed to be evergreen. Mastixia amygdalaeformis was the most frequent species of Mastixia in Europe, with records from Germany, Czech Republic, Austria and Hungary, supporting the evidences of a humid warm temperate climate during the Tortonian, since the current distributional area of modern Mastixia seems to be delimited by the +10 ∘ C January isotherm, and by a MAP rarely falling under 2000 mm [99] . In Greece, slight warming throughout the Tortonian is also observed, with Vallesian mean air temperatures of 13pm3 ∘ C raising to 17±2 ∘ C in the Turolian [100] .
In the Northwest of France, the Faluns Sea become less deep, with a subtropical climate and cold to temperate waters associated with the tide regime [101] , which, combined with the Central Paratethys closure of the Pannonian Basin, illustrates the ongoing continentalization in the European continent [42] . Moreover, Paratethys started a lake creation cycle promoted by tectonic processes, as well as creating Lake Pannon, which lasted until the Late Pliocene (see [102] ). The Paratethys history could be viewed as pulsating connections between its regions and adjacent open marine basins, particularly between Eastern Paratethys and Mediterranean, like described by Radionova et al. [103] . Although the tendency was for global cooling and increases in aridification, two washhouse events occurred during the Tortonian. These events were characterized by great rainfall in Europe. The first one, between 10.7 Ma and 9.7 Ma was more prominent in Central and Eastern Europe, while the second, which reached its peak at approximately 8.9 Ma, was felt more in the Southwest of Europe. In both events the mean precipitation was 200% above present day values, and between events, the Southwest Europe climate was drier, as supported by the replacement of perennial for deciduous vegetation in Spain [83] . These events lead to an increase in pluvial waters entering in the Mediterranean, particularly from African rivers between 9.5 and 8.4 Ma [91] . Around 7.25 Ma, the Messinian age began (palaeogeography in Figure 7 ). This age was characterized by profound changes in the European realm, particularly in the Mediterranean Sea. In the Tortonian-Messinian transition, the more or less stable conditions of the first half of the Upper Miocene started to disappear [104] . tonic elevation of the Betic-Rif Mountain chain closed the connection between the Mediterranean and the North Atlantic [111, 113, 115, 117] . The evaporation in the Mediterranean Sea lead to a great drop in sea level, leading to the development of a land connection between the European continent and the Balearic, Corsica and Sardinia islands. This allowed mammals to colonize this island [108] .
Massive coastal erosion occurred due to the exposure of the coastal regions and the action of rivers led to the formation of great canyons, like the Rhone canyon and the ones found in the Nile Delta [113, 114] . Upwelling phenomena occurred in the Guadalquivir basin, strongly fed by organic matter from rivers [117] . Environmental data from small mammal palaeoecology suggests open-herbaceous habitats and warm temperatures in the Iberian Peninsula, with air temperatures between 2.5 ∘ C to 4.7 ∘ C higher than today, and summer humidity between 60 to 70% [118] . Throughout the MSC, Mediterranean benthic fauna suffered great extinctions. Benthic foraminifera switch between species adapted to high organic matter and low oxygen environments and the total absence of this Protist group [111, 112] . As for zooxanthelae corals, they practically disappeared from the Mediterranean by the end of the Miocene [107] . The gateway to the Mediterranean was not permanently closed. Instead it alternated between totally closed with periods of surface water exchanges. The reason for these constant changes was the erosion of the land masses that emerged due to the constant tectonic elevation, which systematically cut the water circulation [113] . At 5.33 Ma the Gibraltar strait opened. Coupled with a global mean sea level rise of 10 m, which was strongly influenced by the Mediterranean evaporation, this opening promoted the flooding of the Mediterranean by North Atlantic waters [113] . The Balearic, Corsica and Sardinia islands became isolated again [108, 114, 115] . This flooding marks the transition of the Messinian to the Zanclean age, which means, the transition from Miocene to the Pliocene (M/P) epoch, and the end of the MSC [108, 114, 115] . During the M/P, some thermophilic plants disappeared from the Mediterranean shores, like mangroves, probably due to the high salinity environment. Others migrated towards north by the end of the MSC due to an increase in coastal aridity [106] . This transition is also marked by the appearance of the Sahara Desert (although the central area of the Sahara was already a small desert at 7 Ma) due to constant phenomena of increases in aridification [73] and, in the opposite direction, the disappearance of Paratethys [119] . 3 Pliocene Climate
Zanclean
The Zanclean (5.333 -3.600 Ma) is the first age of the Pliocene (palaeogeography in Figure 9 ). It is marked by the transgression event (Messinian-Zanclean transition) that re-established marine conditions in the Mediterranean, and by the appearance of the Sahara Desert, although part of the region had experienced desert conditions since 7 Ma [120] . The Sahara Desert appearance promoted the cooling of the northern hemisphere, particularly in Europe, by increasing the albedo. Further it intensified the aridification process by reducing evapotranspiration in the arid regions of Africa [73] . Even so, the MGT was higher, by 2-3 ∘ C, during the Zanclean than it is today, and the Arctic region had MAT 7-15 ∘ C higher than present times. Ellesmere Island, in the Canadian Arctic, was characterized by the presence of beavers, and flora included bryophyta and vascular plants, like pine and cedar [121] . In Europe, the cooling trend was felt on the north margin of the Mediterranean, with Greece and Bulgaria having MATs of 13-14.5 ∘ C, with colder months between 0.4 and 5 ∘ C, and MAP between 800 and 1000 mm [122] . However, Europe shows regional differences in climate evolution. In Western Europe a decrease in aridity is found during the Zanclean, up until the Mid Early Piacenzian, with drier conditions increasing again around 3.2 Ma. In Central Europe the opposite is observed, with an increase in aridity between the Miocene-Pliocene transition and the Mid Zanclean, and the reverse scenario from this moment up to the Late Piacenzian. As for Eastern Europe a slight reduction in aridity occurs from Miocene-Pliocene transition up to Mid Zanclean, and an increase in aridity from this time forward, first in the Mediterranean regions, and then spreading to Central Eastern Europe during the Piacenzian [123] . Despite some climate oscillations, the Zanclean was characterised by relatively stable conditions, with a humid, warm temperate climate. The flora from northern Italy is similar to the flora found during the Messinian. The Miocene swamp areas expanded during this age [124] . The Pliocene wetlands of the Rhine Basin in the Netherlands find a present analogue in the Florida Everglades [125] , which means that north of Europe was warmer and more humid than today. However, a cooling event in Europe appears to have occurred around 4.5 Ma, with a drop of 2-3 ∘ C in the MAT [126, 127] . During the Zanclean age glaciers developed in Greenland and C4 plants got dispersed due to an increase in continental aridity. Open plains expanded, increasing grassland ecosystems. One of the major contributors for these changes in Eurasia was the elevation of the Tibetan Plateau [4] .
Piacenzian
After the Zanclean stable but cooling trend conditions, the Mid Piacenzian Warm Period (MPWP), a climate event that occurred between 3.26 and 3.025 Ma, presents SST that demonstrate warmer palaeoceanographic conditions for mid and high latitudes, although being similar to present day for low latitudes [129] . The Iceland region had SST 6 ∘ C above today [130] and in the North Sea the mean annual SST was 16 ∘ C, compared to a present temperature of 9-11 ∘ C [131] . Globally, temperature was 2-3 ∘ C above the present temperature [132] (summary in Table 4 ). Sea level was also higher than today, by 25 m, and vegetation limits were translocated towards the poles, which suggests that the ice volume was smaller [130] . During the MPWP a reduction in 50% of the Greenland ice sheet and MGT > 2-3 ∘ C present one 33% in Antarctica are estimated [133] . However, although smaller, the ice sheets were dynamic and showed variations with growing and retreating phases [134] , indicating climatic oscillations during this warming event.
In northeast of Spain, between 3.3 Ma and 3.1 Ma, a relatively humid subtropical climate with seasonality, showing progressive aridification, was present. A highly diversified flora, composed by subtropical, temperate and Mediterranean species, characterized that region [135] . In the west of the Iberian Peninsula, the SST of the Mondego estuary, Portugal, were estimated between 19.0-23.5 ∘ C during the Zanclean and the Piacenzian, up to 3 Ma [136] . During the MPWP, the MAT in Europe increased. Northern Italy had a MAT 2-4 ∘ C higher then today [133] , with a reduction of evergreen trees but still subtropical humid vegetation [124] , while in the Dinarids region, the difference reached 5-6 ∘ C higher than today, with the cold month anomaly being higher than the warm month [133] , which means less seasonality.
In the interior of Eurasia the MAT reached values of 6 ∘ C above today's temperature. Mediterranean SST was 2-4 ∘ C higher, and in the North Atlantic SSTs were elevated 6-8 ∘ C
relative to present values. The SST gradient over the North Atlantic, Europe and the Mediterranean was reduced [137] .
Around 3.0 Ma a global cooling phase began again. At approximately 2.7 Ma, the deep water formation in North Atlantic started to slow down [132] . North Atlantic Currents were weakened and an increase in marine productivity, with drop in SST, occurred, creating the conditions for the beginning of the present Ice Age [138] .
Considerations for the Future
With present evidence of a global warming scenario, it is highly important that we look at past climatic events in order to better project future climate changes and their impact on biodiversity. The review presented here synthesizes the literature regarding climate, fauna and flora evolution for the Neogene in Europe, and aims to help palaeoclimatic researchers and climatologists to characterize some of the boundary conditions for modelling possible analogous of IPPC climate scenarios. In Figure 10 , the main trends of the Neogene climate in Europe are plotted, presenting the changes in the European mean annual temperatures, cold and warmth month temperatures, and precipitation. Data used can be found in Table 5 . (Figure 11 and Figure 12 ). Yet, looking at the MPWP, an analogue is more likely. The European and the oceans palaeogeography were very similar to the present ones [140] . Continental and oceanographic geography, as well as circulation patterns, were very similar during the Pliocene and today (see Table 6 ), however, SST and heat distribution were very different. Nowadays the temperature difference in the North Atlantic, between 11 ∘ N and 80 ∘ N, is approximately 27 ∘ C.
During the MPWP the temperature difference was only 18 ∘ C due to higher temperatures in higher latitudes [132] .
The reasons for these differences must be considered. There were 3 tectonic events that preceded MPWP, and that are fundamental to understand this warm period. The formation of the Panama Isthmus in the Early Pliocene, which lead to northward transport of tropical waters in the Atlantic sector; the Mediterranean isolation during the Messinian, that affected the stratification of the North Atlantic waters and the formation of deep waters; and the reduced activity of the Greenland-Scotland and IcelandFaroe rifts, allowing the passage of cold and dense waters from the Arctic [69, 141] . The opening of the Panama Isthmus implies a deeper thermocline. The depth of the thermocline determines the balance between loss of oceanic heat at high latitudes and gain at low. Thus, this will implicate in oceanic changes that determine the atmospheric water vapour, the availability of it to cloud formation and the distribution of SSTs [128] . When the isthmus closed, it generated changes in oceanic currents at a global scale, with changes in salinity, in latitudinal heat transport in North Atlantic and it intensified the north hemisphere glaciations and the desertification of Africa [142] . However, the formation of this landmass that unified both American continents does not satisfactorily explain, the cooling intensification in high latitudes, although its influence, like the opening of the Bering Strait, is highly significant. The variations in the North Atlantic Currents (NAC) are fundamental to fully understand the Arctic glaciation intensification process. When NAC are more intense, warmer waters are transported to higher latitudes, raising the SST. This occurred between 3.68 and 3.45 Ma. After this interval, and until 3.29 Ma, NAC were less intense and the heat transport was weakened. During the MPWP, between 3.29 and 2.94 Ma, NAC were very intense, which was probably associated with a higher deep water production in North Atlantic [138] , as described by Robinson et al. [132] . This latter work demonstrated how, during the MPWP, a reduction in the Iceland-Faroe rift depth lead to an increase in deep water formation and a translocation of the water formation zone northwards. Consequently the Arctic temperature rose, due to the strengthening of the superficial currents that transport tropical waters towards north, and to the warming of the Atlantic and Arctic deep waters. Within both MCO and MPWP, biodiversity changes, as well as variations in sea level and in precipitation regimes are observed. From the perspective of humankind is highly important to understand what can be expected in the future, since warming would have major economical impacts, particularly in the fishing industry, agriculture, transports and coastal regions. However, as already pointed out by
Haywood et al. [137] it is more accurate to look at the MPWP to develop or support future projections then to look at the MCO.
If the present climate future projections come to be true, the Pliocene can step up as the best analogue for climate impact in Europe, which in turn is of most important for measuring the economic impacts in our society. . Negative values means that it was higher during the Tortonian, cases of Hungary and Romania regions, Turkey region and north Iberia. B) Shows differences in precipitation. Again, negative values mean higher values during the Tortonian. Northern Germany, although cooler, became more humid (with higher rainfall). Turkey and north Iberia were hotter and more humid during the Tortonian then during the Langhian. C) Presents the tendency of the MAT between these two ages in the 8 selected regions (see legend f Figure 11 ). A drop in mean annual temperature occurs in all regions except for Turkey, north Iberia and Hungary-Romania (Data adapted from Bruch et al. [149, 150] ).
